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[0 Background & method introduction

-- cluster in light nuclei

Cluster completes with mean field in the region of light nuclei
v’ Far from B stability line, the cluster phenomenon appears as halo
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v' Cluster is predicted to appear near cluster decay threshold
in a-conjugate nuclei
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v The a cluster configuration in 12C

» Non-localized, condensed-like wave function, gas of a cluster
in Hoyle state

THSR (Tohsaki-Horiuchi-Schuck-Ropke) wave function:
A. Tohsaki et al., Phys. Rev. Lett. 87, 192501 (2001)
T. Suhara et al., Phys. Rev. Lett.112,062501 (2014)

» AB initio calculation based on effective field theory
obtains that Hoyle state is more like a linear chain of
three alpha clusters
E. Epelbaum et al., Phys. Rev. Lett. 106, 192501 (2011)

» However, the recent data supports the
' a configuration of 12C Hoyle state

D. Marin-Lambarri, R. Bijker, M. Freer et al. Evidence for
Triangular D3h Symmetry in 12C. Phys. Rev. Lett. 113,
012502 (2014)




v The a cluster configuration in 160

» Many different calculations support the
tetrahedral structure in *°0O ground state,
which challenges the traditional shell model picture.

Algebraic model: Bijker, lachello, Evidence for Tetrahedral Symmetry in 160.

Phys. Rev. Lett. 112, 152501 (2014)

Effective field theory: E. Epelbaum, H. Krebs, T. A. Lahde, D. Lee, U.-G. Meiliner,

and G. Rupak, Phys. Rev. Lett. 112, 102501 (2014)

Covariant density functional theory: L. Liu and P. W. Zhao, Chin. Phys. C 36, 818 (2012)

» The excited 'O may evolve into square, or linear chain, or
non-localized gas configuration

Effective field theory: E. Epelbaum, H. Krebs, Timo A. Lahde, Dean Lee, UIf-G. Meiliner,
and G. Rupak, Phys. Rev. Lett. 112, 102501 (2014)

Covariant density functional theory: L. Liu and P. W. Zhao, Chin. Phys. C 36, 818 (2012)
THSR wave function: T. Suhara et al., Phys. Rev. Lett. 112,062501 (2014)



Two important points need to be
explored:

» From the experimental point of view, the probe is
needed to diagnose the different configurations

» What are the aspects of the collective dynamics of

excited a clustering systems and the underlying
mechanism?

Giant Resonance <m=) o Cluster Configuration

<> Centroid energy of GR can provide direct information about nuclear
size and the nuclear equation of state
Width of GR closely relates with nuclear deformation, temperature,
and angular momentum



[0 Background & method introduction

-- Giant Resonance

Giant resonances are typical collective excitations in nuclei
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There are three main excitation modes: GDR, PDR, GMR
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[0 Background & method introduction

-- microscopic dynamical model

The EQMD model T. Maruyama, et al., Phys Rev C 53, 297(1996)
R. Wada et al., Phys. Lett. B 422, 6 (1998).

Compared with other Molecular Dynamics (MD) models: QMD, IQMD, AMD, CoMD,
ImQMD, IDQMD and LOQMD has the following features:

1) Dynamical wave packet width in wave function (as in FMD).
Taking into account the kinetic energy term of the momentum variance of wave packets
to the Hamiltonian
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The equation of motion of nucleon
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2) Including Pauli potential into effective interaction to approximate the nature of
fermion many-body system: a phenomenological repulsive potential which
inhibits nucleons of the same spin S and isospin T to come close to each other in

the phase space.

Hpoi = C?PZ( fi - fo)yg( f, - fo)

(= 2o(5,5, P o

3) The initialization of ground nuclei: fraction cooling



Advantages:

v' QMD based many-body model, mature and powerful

v" Full microscopic, without assuming cluster in advance

v' Without assuming reaction mechanism in advance

v' Dynamical evolution -> links with observables directly

v' Compared with TDHF cal., this method can be used at
higher energy, many-body correlations, more realistic
linkage with observables

Disadvantages:
v’ Semi-classical
v No anti-symmetrized



Unique Advantages of EQMD compared with other version QMD:

v Energy conservation more better duration evolution thanks to
strict threefold loop computation for three body interaction

v’ Stable enough ground state to study low energy region reaction
process, without spurious particle emission

v Dynamical wave packet evolution, reasonable fluctuation and
dissipation



GDR algorithm & verification

-- How to extract giant resonance from QMD

FOU rier tra nSformatiOn V. Baran et al, Nucl. Phys.A 679,373(2001)

Dipole moment vs time

Y DR(®) = (R, = Ra)

Ry(Ry) is center of mass for protons (neutrons)
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This approach has been successfully applied in GDR, PDR, GMR
calculations by IQMD & BUU model based on the fact that the
qguasiperiodic motion of nucleons in GR represents a known classical
limit of qguantum mechanics, which has be confirmed by TDHF
calculations long before [A. S. Umar Phys. Rev. C 32, 172 (1985)].

Our recent works:

e H.L Wu, W.D. Tian and YGM et al., “Dynamical dipole \gamma radiation in
heavy ion collisions on the basis of a quantum molecular dynamics model ”, Phys.
Rev. C 81, 047602 (2010)

e (C.Taoand YGM et al., “Pygmy and giant dipole resonances by Coulomb
excitation using a quantum molecular dynamics model”, Phys. Rev. C 87, 014621
(2013)

e (C.Taoand YGM et al., “Isoscalar giant monopole resonance in Sn isotopes using
a quantum molecular dynamics model ”,Phys. Rev. C 88, 064615 (2013)

e S.Q.Ye, X.Z. Caiand YGM et al., “Symmetry-energy dependence of the
dynamical dipole mode in the Boltzmann-Uehling- Uhlenbeck model”, Phys. Rev.
C 88, 047602 (2013)




Dynamical dipole y radiation in heavy-ion collisions on the basis of a quantum

H. L. Wu, W. D. Tian and YGM et al.

PHYSICAL REVIEW C 81, 047602 (2010)

molecular dynamics model
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Results & discussion

-- Density distribution of clustering nuclei and wave packets
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Density of each nucleon in nuclei with alpha cluster configuration
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€ Dynamical evolution of density current
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Results & discussion
-- GDR of 2Be, **C & 10 with different o configurations

W. He, YGM, X. Cao, X. Cai, G. Zhang, Phys. Rev. Lett. 113, 032506 (2014)

€ EQMD calculation supports 10 ground state with tetrahedron
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€ EQMD calculation indicates the ground of 12Cis a
multiconfiguration mixing of shell-model-like and cluster-like

configurations,

which is consistent with the prediction of AMD
[Y. Kanada-En’yo, Phys. Rev. Lett 81, 5291 (1998)] and FMD
[M. Chernykh, H. Feldmeier et al., Phys. Rev. Lett. 98, 032501 (2007)]

1.4F : 10 14p 110

{12C s = 12C ]

= —19 = —9
A8 Eossnmiimmmssdisnssm st non-cluster gound state - A o masibemmmotimsrmd cluster ground state -
- .....:... = e T 1—_ ........ R e

E . = . é 17

r = I2) .8 :6
E H A £ 2 =
8E E ................ g S RS 6 g 0.8 : E T s T

o H ; : . a H ;
: fe @ 3 * % ..
oF 8 s S S a Bosk B W S At e
. = | o -

aE H 4% T 4 SRR, AT =13 T | S SR S AT o T . PR RPN vy,
% ol B E - g

c P 8 —2 = : , : i3
- Wl I STV SN | Lt S LR JUSUUREE Y | SUS JUSURN S N rszmenmoioan B

T ] N 1 R 2 : S =1
UE gt L 5 | : " — E ﬂ | ) O N | I Ll L | i Ll I I | |E

5 10 15 20 25 30 35 40 45 5()0 5 10 15 20 25 30 35 40 45 5(5]

E_gamma(MeV) E_gamma(MeV)

I2C GDR without (left panel) and with (right panel)
cluster configuration with data.



week ending

PRL 113, 032506 (2014) PHYSICAL REVIEW LETTERS 18 JULY 2014

Giant Dipole Resonance as a Fingerprint of a Clustering Configurations in '*C and '°0O

W.B. He (f1/755)." Y. G. Ma (&), X.G. Cao (W #E)," X. Z. Cai (BEHAT). and G.Q. Zhang (K FI3)’
Skangha.! Immum of Appfwd Physics, Chinese Academy of Sciences, Shanghai 201800, China
UHWEHIW of the Chinese Academy of Sciences, Beijing 100080, China
Shangkaz Tech University, Shanghai 200031, China
(Received 6 May 2014; publlqhed 17 July ”{114)
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€ Hints from an experimental point of view
--- sensitive probe

v' The measurement of the GDR peak located around 30 MeV
is a feasible way to confirm the existence of an a clustering state

v Analysis of other low- lying peaks can be used to diagnose the
different configurations formed by a clusters

v" The similar GDRs of 8Be and triangle 12C appear as substructures
in the GDRs of square 10 and kite 10, respectively, which
will help to recognize the a configuration in 10O



[0 Summary & outlook

v'The semi-classical QMD-like model is suitable to study GR

v'The GDR of excited state with a cluster is studied by EQMD
<> GDR as an effective probe of a configuration
e Peak near 30 MeV
e Substructure in 2C and 0
<> The density evolution shows the complicated underlying
dynamics of a cluster in nuclei

v’ Possible experimental chance on HIlyS (Triangle Univ.) and
SLEGS (SINAP)

Thanks for discussions with P. Schuck, T. Maruyama, J. Natowitz, S. Shlomo, R. Wada

Thanks very much for you attention!
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Pygmy and giant dipole resonances by Coulomb excitation using a quantum

C.Taoand Y. G. Ma et al.,

PHYSICAL REVIEW C 87, 014621 (2013)

molecular dynamics model
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GDR algorithm & verification
-- verification the reliability of EQMD in GDR calculations
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12 GDR short-axis
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The substructure of Be8 in 016 GDR is shown in the following figures.

In right figure, the blue doted and red dashed line represent two
substructures.

The peaks near 20MeV in GDR from two Be8
counteract because of the opposite phase
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Three body force has three cases in cluster nuclei
made of alphas as shown in following three figures.
25 MeV peak in GDR is affected by the third case.
The third case manifests as effective three alpha
force among alphas. This effective three alpha force
favors triangle configuration.
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The GDR of 1°C with prolate and
oblate deformations.
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The dependence 10 GDR width on smoothing factor I and
integration time
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GDR in deformation nuclei
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